The twentieth century has thrown up exotic concepts -dark matter, gravity waves, Higgs Bosons, Magnetic Monopoles and so on. The sad truth is that even after several decades, these remain elusive to observation and experiment. Some are now questioning these conjectures. Their verification has become a matter more of hope than conviction. We will examine some alternatives in the light of the above pointing out that, on the other hand, an extra neutrino, recently predicted by the author may have just been discovered.
Dark Matter
It is well known that F. Zwicky introduced the concept of dark matter more than seventy five years ago to account for the anomalous rotation curves of the galaxies [1, 2] . The problem was that according to the usual Newtonian Dynamics the velocities of the stars at the edges of galaxies should fall with distance as in Keplarian orbits, roughly according to
where M is the mass of the galaxy, r the distance from the centre of the galaxy of the outlying star and v the tangential velocity of the star. Observations however indicated that the velocity curves flatten out, rather than follow the law (1) . This necessitated the introduction of the concept of dark matter which would take care of the discrepancy without modifying Newtonian dynamics. However even after nearly eight decades, dark matter has not been detected, even though there have been any number of candidates proposed for this, for example SUSY particles, massive neutrinos, undetectable brown dwarf stars, even black holes and so on. Very recent developments are even more startling. These concern the rotating dwarf galaxies, which are satellites of the Milky Way [3, 4] . These studies throw up a big puzzle. On the one hand these dwarf satellites cannot contain any dark matter and on the other hand the stars in the satellite galaxies are observed to be moving much faster than predicted by Newtonian dynamics, exactly as in the case of the galaxies themselves. Metz, Kroupa, Theis, Hensler and Jerjen conclude that the only explanation lies in rejecting dark matter and Newtonian gravitation. Indeed a well known Astrophysicist, R. Sanders from the University of Groningen commenting on these studies notes [5] , "The authors of this paper make a strong argument. Their result is entirely consistent with the expectations of modified Newtonian dynamics (MOND), but completely opposite to the predictions of the dark matter hypothesis. Rarely is an observational test so definite." Even more recently, dark matter has been ruled out by the observational studies of the Kavli Institute in California, of the interaction of electrons at the galactic edge with star light [6] . Finally, even more recent studies conclude that dark matter content has been vastly over estimated [7] . Sawangwit and Shanks note that, apart from the fact that candidates for dark matter like weakly interacting massive particles have not been detected so far, the dark matter problem in the Coma cluster is a factor of a hundred less than when Zwicky first proposed it. This is due to the discovery of hot gas in rich galaxy clusters. This makes the dark matter content only a factor of between four and five as a discrepancy, rather than the original six hundred times. In this note we point out that this could indeed be so, though not via Milgrom's ad hoc modified dynamics [8, 9, 2] , according to which a test particle at a distance r from a large mass M is subject to the acceleration a given by
where a 0 is an acceleration such that standard Newtonian dynamics is a good approximation only for accelerations much larger than a 0 . The above equation however would be true when a is much less than a 0 . Both the statements in (2) can be combined in the heuristic relation
In (3) µ(x) ≈ 1 when x >> 1, and µ(x) ≈ x when x << 1. It must be stressed that (2) or (3) are not deduced from any theory, but rather are an ad hoc prescription to explain observations. Interestingly it must be mentioned that most of the implications of Modified Newtonian Dynamics or MOND do not depend strongly on the exact form of µ. It can then be shown that the problem of galactic velocities is now solved [8, 9, 10, 11, 12] . Nevertheless, most physicists are not comfortable with MOND because of the ad hoc nature of (2) and (3). We now come to the cosmological model described by the author in 1997 (Cf.ref. [13, 2] and several references therein), in which the universe, under the influence of dark energy would be accelerating with a small acceleration. Several other astrophysical relations, some of them hitherto inexplicable such as the Weinberg formula giving the pion mass in terms of the Hubble constant were also deduced in this model (Cf.also ref. [14] and references therein). While all this was exactly opposite to the then established theory, it is well known that the picture was observationally confirmed soon thereafter through the work of Perlmutter and others (Cf.ref. [14] ). Interestingly, in this model Newton's gravitational constant varied inversely with time.
Cosmologies with time varying G have been considered in the past, for example in the Brans-Dicke theory or in the Dirac large number theory or by Hoyle [15, 16, 17, 18, 19] . In the case of the Dirac cosmology, the motivation was Dirac's observation that the supposedly large number coincidences involving N ∼ 10 80 , the number of elementary particles in the universe had an underlying message if it is recognized that
where T is the age of the universe. Equation (4) too leads to a G decreasing inversely with time as we will now show. We follow a route slightly different from that of Dirac. From (4) it can easily be seen that
where τ is a typical Compton time of an elementary particle ∼ 10 −23 secs, because T , the present age of the universe is ∼ 10 17 secs. We also use the following well known relation which has been obtained a long time ago through different routes [20, 21, 22 ]
Further multiplying both sides of (5) by c we get the famous Weyl-Eddington relation
where l = cτ is a typical Compton length ∼ 10 −13 cms. We will also use another well known relation (Cf. above references),
where m is a typical elementary particle mass, like that of the pion, 10 −25 gm. Use of (7) and the above in (6) now leads to
Equation (8) gives the above stated inverse dependence of the gravitational constant G on time, which Dirac obtained. On the other hand this same relation was obtained by a different route in the author's dark energy -fluctuations cosmology in 1997. This work, particularly in the context of the Planck scale has been there for many years in the literature (Cf. [14, 2, 24] and references therein). Suffice to say that all the supposedly so called accidental Large Number Relations like (7) as also the inexplicable Weinberg formula which relates the Hubble constant to the mass of a pion, follow as deductions in this cosmology. The above references give a comprehensive picture. In any case, our starting point is, equation (8) where T is time (the age of the universe) and G 0 is a constant. Furthermore, other routine effects like the precession of the perihelion of Mercury and the bending of light and so on are also explained with (8) as will be briefly discussed below. We will also see that there is observational evidence for (8) (Cf. also [25] which described various observational evidences for the variation of G, for example from solar system observations, from cosmological observations and even from the palaeontological studies point of view).
With this background, we now mention some further tests for equation (8) . This could explain the other General Relativistic effects like the shortening of the period of binary pulsars and so on (Cf.ref. [14, 2, 26, 27] and other references therein). Moreover, we could now also explain, the otherwise inexplicable anomalous acceleration of the Pioneer space crafts (Cf.ref. [2] for details). We will briefly revisit some of these effects later.
We now come to the problem of galactic rotational curves mentioned earlier (cf.ref. [1] ). We would expect, on the basis of straightforward dynamics that the rotational velocities at the edges of galaxies would fall off according to
which is (1). However it is found that the velocities tend to a constant value,
This, as noted, has lead to the postulation of the as yet undetected additional matter alluded to, the so called dark matter.(However for an alternative view point Cf. [28] ). We observe that (8) can be written for an increase t,in time, small compared to the age of the universe, now written as t 0
Using (11), let us consider the gravitational potential energy V between two masses, m 1 and m 2 by:
After a time t this would be, by (11) ,
Equating (12) and (13) we get,
The relation (14) has been deduced by a different route by Narlikar [1] . From (14) it easily follows that,
as we are considering intervals t small compared to the age of the universe and nearly circular orbits. In (15), a or the left side of (15) gives the new extra effect due to (11) and (14), this being a departure from the usual Newtonian gravitation. Equation (15) shows (Cf.ref [26] also) that there is an anomalous inward acceleration, as if there is an extra attractive force, or an additional central mass. So, introducing the extra acceleration (15), we get,
From (16) it follows that
So (17) replaces (1) in this model. This shows that as long as
Newtonian dynamics holds. But when the first term on the left side of (18) becomes of the order of the second (or greater), the new dynamical effects come in. For example from (17) it is easily seen that at distances well within the edge of a typical galaxy, that is r < 10 23 cms the usual equation (9) holds but as we reach the edge and beyond, that is for r ≥ 10 24 cms we have v ∼ 10 7 cms per second, in agreement with (10) . In fact as can be seen from (17), the first term in the square root has an extra contribution (due to the varying G) which exceeds the second term as we approach the galactic edge, as if there is an extra mass, that much more. We would like to stress that the same conclusions will apply to the latest observations of the satellite galaxies (without requiring any dark matter). Let us for example consider the Megallanic clouds [29] . In this case, as we approach their edges, the first term within the square root on the right side of (17) or the left term of (18) already becomes of the order of the second term, leading to the new non Newtonian effects. The point is that the above varying G scheme described in (8) or (17) reproduces all the effects of General Relativity as noted above, as also the anomalous acceleration of the Pioneer space crafts in addition to the conclusions of MOND regarding an alternative for dark matter, and is applicable to the latest observations of satellite galaxies. The satellite galaxy rotation puzzle is thus resolved.
General Relativity
It is now accepted that the tests which General Relativity proposed have all been observed, except for gravitational waves which have eluded detection for nearly a century. We would like to observe that the variation of the given constant mentioned earlier can also explain the various tests of General Relativity. Let us see how. We first observe that our starting point is the precession of the perihelion of mercury. We observe that from (8) or (11) it follows that [1]
where G o is the present value of G and t o is the present age of the Universe and t the (relatively small) time elapsed from the present epoch. Similarly one could deduce that (cf.ref. [1] ),
We next use Kepler's Third law [30] :
τ is the period of revolution, a is the orbit's semi major axis, and M is the mass of the sun. Denoting the average angular velocity of the planet bẏ
it follows from (19) , (20) and (21) thaṫ
where the subscript o refers to the present epoch.
Equation (22) gives the average perihelion precession at time 't'. Specializing to the case of Mercury, where τ o = 0.25 year, it follows from (22) that the average precession per year at time 't' is given by
Whence, considering ω(t) for years t = 1, 2, · · · , 100, we can obtain from (23), the correct perihelion precession per century as [26] ,
if the age of the universe is taken to be ≈ 2 × 10 10 years. Conversely, if we use the observed value of the precession in (23), we can get back the above age of the universe. Interestingly it can be seen from (23) , that the precession depends on the epoch. We can similarly demonstrate that orbiting objects will have an anamolous inward radial acceleration. For r ∼ 10 14 cm, as is the case of the space crafts Pioneer 10 or Pioneer 11, this gives, a r ≥ 10 −11 cm/sec 2 This can be further refined to a γ ≤ 10 −10 cm. Interestingly Anderson et al., [31] claim to have observed an anomalous inward acceleration of ∼ 10 −8 cm/sec 2 for more than a decade. We could also explain the correct gravitational bending of light in the same vein. The inexplicable anomalous accelerations of the Pioneer spacecrafts already alluded to, which have been observed by J.D. Anderson and coworkers at the Jet Propulsion Laboratory for well over a decade [32, 31] have posed a puzzle. This can be explained, in a simple way as follows: In fact from the usual orbital equations we have [33] 
v being the velocity of the spacecraft and t is the time in general. It must be observed that the first term on the right side is the new effect due to (??).
There is now an anomalous acceleration given by
where λ = r
4Θ2
If we insert the values for the Pioneer spacecrafts we get
This is the anomalous acceleration reported by Anderson and co-workers. We will next deduce that this case also explains correctly the observed decrease in the orbital period of the binary pulsar P SR 1913 + 16, which has also been attributed to as yet undetected gravitational waves [34] . It should also be remarked that in the case of gravitational radiation, there are some objections relevant to the calculation (Cf.ref. [34] ). Finally, we may point out that a similar shrinking in size with time can be expected of galaxies themselves, and in general, gravitationally bound systems. We will see a special case for the solar system. To consider the above result in a more general context, we come back to the well known orbital equation [33] 
where µ 0 = GM and u is the usual inverse of radial distance. M is the mass of the central object and h = r 2 dΘ/dt -a constant. The solution of (24) is well known, lu = 1 + ecosΘ where l = h 2 /µ 0 . It must be mentioned that in the above purely classical analysis, there is no precession of the perihelion.
We now replace µ 0 by µ and also assume µ to be varying slowly because G itself varies slowly and uniformly, as noted earlier:
remembering thatK ∼ 0(1/T 2 ) and so can be neglected. Using (25) in (24) and solving the orbital equation (24), the solution can now be obtained as
Keeping terms up to the power of 'e' and (K/µ 0 ) 2 , the time period 'τ ' for one revolution is given to this order of approximation by
From (26)
Substituting (28) in (27) we have
The second term in (29) represents the change in time period for one revolution. The decrease of time period is given by
The second term in (28) indicates the decrease in latus-rectum. For one revolution the change of latus-rectum is given by δl = 2πKl 2.5 /µ 
In the solar system, we have,
Using K and µ 0 to find the change in time period and the latus rectum in the varying G case by substituting in (30) and (31) respectively for Mercury we get δT = 1.37 × 10 −5 sec/rev δl = 4.54cm/rev (32) We observe that the equations (30), (31) or (32) show a decrease in distance and in the time of revolution. If we use for the planetary motion, the General Relativistic analogue of (24), viz.,
then while we recover the precession of the perihelion of Mercury, for example, there is no effect similar to (30) , (31) or (32) . On the other hand this effect is very minute-just a few centimeters per year in the case of the earth-and only protracted careful observations can detect it. Moreover these changes could also be masked at least partly, by gravitational and other perturbations. However as noted, the decrease of the period in (30) has been observed in the case of Binary Pulsars. Finally, it has been pointed out that (19) itself can be shown to yield an effect that simulates gravitational waves without invoking the full General Relativity [2] .
Higgs Bosons
We now come to another aspect. According to the standard model of particle physics we need the Higgs Bosons to provide mass to the various particles in the universe. However these Bosons, first suggested by Peter Higgs in 1965 have eluded detection for decades. More recently, hopes that these so called God particles would be detected at the LHC have received a segment, because, the Tevatron rules out the existence of Higgs particles in the expected range below 200GeV . Physicists however are still hoping that the LHC would throw up the Higgs, though some are now veering to the view that physics beyond the standard model would be more interesting without the Higgs. In this latter context, we will now argue that it is possible for both electromagnetism and gravitation to emerge from a gauge like formulation [35] .
In Gauge Theory, which as we saw in Chapter 2, is a Quantum Mechanical generalization of Weyl's original geometry, we generalize, as is well known, the original phase transformations, which are global with the phase λ being a constant, to local phase transformations with λ being a function of the coordinates [36] . As is well known this leads to a covariant gauge derivative. For example, the transformation arising from (
leads to the familiar electromagnetic potential gauge,
The above transformation, ofcourse, is a symmetry transformation. In the transition from (33) to (34), we expand the exponential, retaining terms only to the first order in coordinate differentials. Let us now consider the case where there is a minimum cut off in the spactime intervals. As we saw this leads to a noncommutative geometry (Cf.ref. [37] )
where l is the minimum scale. From (35) it can be seen that if O(l 2 ) is neglected, we are back with the familiar commutative spacetime. The new effects of fuzzy spacetime arise when the right side of (35) is not neglected. Based on this we had argued in Chapter 5 that it is possible to reconcile electromagnetism and gravitation [38, 39, 40, 41] . If in the transition from (33 to (34) we retain, in view of (35) , squares of differentials, in the expansion of the function λ we will get terms like
where we should remember that in view of (35), the derivatives (or the product of coordinate differentials) do not commute as indeed we saw in Chapter 5. As in the usual theory the coefficient of dx µ in the first term of (36) represents now, not the gauge term but the electromagnetic potential itself: Infact, in this noncommutative geometry, it can be shown that this electromagnetic potential reduces to the potential in Weyl's original gauge theory [35, 38] . Without the noncommutativity, the potential ∂ µ λ would lead to a vanishing electromagnetic field. However as we saw Dirac pointed out in his famous monopole paper in 1930 that a non integrable phase λ(x, y, z) leads as above directly to the electromagnetic potential, and moreover this was an alternative formulation of the original Weyl theory [42, 43] . Returning to (36) we identify the next coefficient with the metric tensor giving the gravitational field:
Infact one can easily verify that ds 2 of (37) is an invariant. We now specialize to the case of the linear theory in which squares and higher powers of the deviation from the Minkowski metric, h αβ can be neglected. In this case it can easily be shown that
where in (38) , the Γs denote Christofell symbols. From (38) by a contraction we have 2Γ
If we use the well known gauge condition [44] 
(40) shows that we can take the λ in (36) as λ = , both for the electromagnetic potential A µ and the metric tensor h µν . (39) further shows that the A µ so defined becomes identical to Weyl's gauge invariant potential [45] . However it is worth reiterating that in the present formulation, we have a noncommutative geometry, that is the derivatives do not commute and moreover we are working to the order where l 2 cannot be neglected. Given this condition both the electromagnetic potential and the gravitational potential are seen to follow from the gauge like theory. By retaining coordinate differential squares, we are even able to accommodate apart from the usual spin 1 gauge particles, also the spin 2 graviton which otherwise cannot be accommodated in the usual gauge theory. If however O(l 2 ) = 0, then we are back with commutative spacetime, that is a usual point spacetime and the usual gauge theory describing spin 1 particles. We had reached this conclusion in Chapter 5 (Cf. ref. [37] ), though from a different, non gauge point of view. The advantage of the present formulation is that it provides a transparent link with conventional theory on the one hand, and shows how the other interactions described by non Abelian gauge theories smoothly fit into the picture. Finally it may be pointed out that we had already argued that a fuzzy spacetime input explains why the purely classical Kerr-Newman metric gives the purely Quantum Mechanical anomalous gyromagnetic ratio of the electron [46, 47] , thus providing a link between General Relativity and electromagnetism. This provides further support to the above considerations. Let us now return to the gauge field itself. As is well known, this could be obtained as a generalization of the above phase function λ to include fields with internal degrees of freedom. For example λ could be replaced by A µ given by [48] A
The gauge field itself would be obtained by using Stoke's Theorem and (41). This is a very well known procedure: considering a circuit, which for simplicity we can take to be a parallelogram of side dx and dy in two dimensions, we can easily deduce the equation for the field, viz.,
q being the gauge field coupling constant. In (42) , the second term on the right side is typical of a non Abelian gauge field. In the case of the(U(1) electromagnetic field, this latter term vanishes. Further as is well known, in a typical Lagrangian like
D denoting the Gauge covariant derivative, there is no mass term for the field Bosons. Such a mass term in (43) must have the form m 2 A µ A µ which unfortunately is not Gauge invariant. This as we saw in Chapter 2, was the shortcoming of the original Yang-Mills Gauge Theory: The Gauge Bosons would be massless and hence the need for a symmetry breaking, mass generating mechanism. The well known remedy for the above situation has been to consider, in analogy with superconductivity theory, an extra phase of a self coherent system (Cf.ref. [48] for a simple and elegant treatment and also refs. [36] and [49] ). Thus instead of the gauge field A µ , we consider a new phase adjusted gauge field after the symmetry is broken
The field W µ now generates the mass in a self consistent manner via a Higgs mechanism. Infact the kinetic energy term 1 2
where D µ in (45) denotes the Gauge , now becomes
Equation (46) gives the mass in terms of the ground state φ 0 . The whole point is as follows: The symmetry breaking of the gauge field manifests itself only at short length scales signifying the fact that the field is mediated by particles with large mass. Further the internal symmetry space of the gauge field is broken by an external constraint: the wave function has an intrinsic relative phase factor which is a different function of spacetime coordinates compared to the phase change necessitated by the minimum coupling requirement for a free particle with the gauge potential. This cannot be achieved for an ordinary point like particle, but a new type of a physical system, like the self coherent system of superconductivity theory now interacts with the gauge field. The second or extra term in (44) is effectively an external field, though (46) manifests itself only in a relatively small spatial interval. The φ of the Higgs field in (44) , in analogy with the phase function of Cooper pairs of superconductivity theory comes with a Landau-Ginzburg potential V (φ). Let us now consider in the gauge field transformation, an additional phase term, f (x), this being a scalar. In the usual theory such a term can always be gauged away in the U(1) electromagnetic group. However we now consider the new situation of a noncommutative geometry referred to above,
where l denotes the minimum spacetime cut off. Equation (47) is infact Lorentz covariant. Then the f phase factor gives a contribution to the second order in coordinate differentials,
where B µ ≡ ∂ µ f . As can be seen from (48) and (47), the new contribution is in the term which contains the commutator of the coordinate differentials, and not in the symmetric second term. Effectively, remembering that B µ arises from the scalar phase factor, and not from the non-Abelian gauge field, in equation (42) A µ is replaced by
Comparing (49) with (44) we can immediately see that the effect of noncommutativity is precisely that of providing a new symmetry breaking term to the gauge field, instead of the φ term, (Cf.refs. [50, 51] ) a term not belonging to the gauge field itself.
On the other hand if we neglect in (47) terms ∼ l 2 , then there is no extra contribution coming from (48) or (49), so that we are in the usual non-Abelian gauge field theory, requiring a broken symmetry to obtain an equation like (49) . This is not surprising because as noted several times if we neglect the term ∼ l 2 in (47) then we are back with the usual commutative theory and the usual Quantum Mechanics. The matters have been dealt with more recently too [52] .
Miscellaneous Remarks
The above consideration of non-commutative spacetime have also been shown to lead to the conclusion that the magnetic monopole is redundant, as indeed Dirac himself had suggested [43, 2] . On the other hand, based on recent work with ultra high energy fermions, the author had suggested recently [53] that there would be an extra neutrino (rather like a sterile neutrino). It is quite remarkable that researches at Fermi Lab have just confirmed that indeed such a fourth flavour neutrino exists [54] . Further, Einstein's General Relativity deals with gravitation and its unification with Quantum Mechanics or electromagnetism is still eluding us, even after a century. In this connection, We would first like to briefly touch upon the author's Planck oscillator model which, over the years, successfully describe phenomena from an elementary particle to the universe itself.
We can easily verify that the Planck scale l plays the role of the Compton length and the Schwarzchild radius of a black hole of the mass m [55] l =h 2mc
Today in various Quantum gravity approaches the Planck length l is considered to be the fundamental minimum length, and so also the time interval t = l/c. Spacetime intervals smaller than given in (50) are meaningless both classically and Quantum mechanically. Classically because we cannot penetrate the Schwarzchild radius, and Quantum mechanically because we encounter unphysical phenomena inside a typical Compton scale. We will return to this point but all this has been discussed in greater detail by the author and others (Cf.ref. [2] and several references therein).
At another level, it may be mentioned that the author's 1997 cosmological model invoked a background dark energy and fluctuations therein to deduce a model of the universe that was accelerating with a small cosmological constant, together with several other relations completely consistent with Astrophysics and Cosmology (Cf.ref. [14] and several references therein). The observations of distant supernovae by Perlmutter and others confirmed in 1998 the dark energy driven accelerating universe of the author. All this is well known. It is against this backdrop that the author had put forward his model of Planck oscillators in the dark energy driven Quantum vacuum, several years ago (Cf.ref. [24] and several references therein, [56] ). Let us consider an array of N particles, spaced a distance ∆x apart, which behave like oscillators that are connected by springs. As is known we then have [24, 57] 
where k B is the Boltzmann constant, T the temperature, r the total extension and k is the spring constant given by
In (52) ω 0 is the frequency of the individual oscillator, while in (53) ω is the frequency of the array of N oscillators, N given in (51) .
We can easily show from the above theory of oscillators that an oscillator with the Planck mass and with a spatial extent at the Planck scale has the same temperature as the Beckenstein temperature of a Schwarzchild Black Hole of mass given by the Planck mass. The above results can be obtained by a different route as described in [58] . It has also been shown that, given the well known effect that the universe consists of N ∼ 10 80 elementary particles like the pion, it is possible to deduce that a typical elementary particle consists of n ∼ 10 40 Planck oscillators. These form a coherent array unlike in string theory, where we deal with single oscillators. Briefly, to recapitulate the known theory, using N = n ∼ 10 40 in (51) we get r = √ nl ≡ L ∼ 10 −13 cm r now being a typical elementary particle, Compton length L. Similarly, we can get from (53), M being the mass of an elementary particle,
It must be mentioned that in this theory, furthermore, n ∼ √ N , where
80 is the number of elementary particles in the universe (Cf.ref. [58] ). It has also been shown that in the above approach there is a pleasing correspondence with the usual Hawking-Beckenstein theory of Black Hole Thermodynamics [59] . We can push the above consideration further. So far we have considered only a coherent array. This is necessary for meaningful physics and leads to the elementary particle masses and their other parameters as seen above. Cercignani [60] had used Quantum oscillations, though just before the dark energy era -these were the usual Zero Point oscillations, which had also been invoked by the author in his model. Invoking gravitation, what he proved was, in his own words, "Because of the equivalence of mass and energy, we can estimate that this (i.e. chaotic oscillations) will occur when the former will be of the order of
, where G is the constant of gravitational attraction and we have used as distance the wavelength. This must be less than the typical electromagnetic energyhω. Hence ω must be less than (Gh) −1/2 c 5/2 , which gives a gravitational cut off for the frequency in the zero-point energy." In other words he deduced that there has to be a maximum frequency of oscillators given by Ghω 
for the very existence of coherent oscillations (and so a coherent universe). We would like to point out that if we use the above in equation (54) we get the well known relation Gm 2 P ≈hc (55) which shows that at the Planck scale the gravitational and electromagnetic strengths are of the same order. This is not surprising because it was the very basis of Cercignani's derivation -if indeed the gravitational energy is greater than that given in (55) , that is greater than the electromagnetic energy, then the Zero Point oscillators, which we have called the Planck oscillators would become chaotic and incoherent -there would be no physics.
Let us now speak in terms of the background dark energy. We also use the fact that there is a fundamental minimum spacetime interval, namely at the Planck scale. Then we can argue that (55) is the necessary and sufficient condition for coherent Planck oscillators to exist, in order that there be elementary particles which as noted above has been shown to be the number of n ∼ 10 40 coherent Planck oscillators, and the rest of the requirements for the meaningful physical universe. In other words gravitational energy represented by the gravitation constant G given in (55) is a measure of the energy from the background dark energy that allows a physically meaningful universe -in this sense it is not a separate fundamental interaction. It is interesting that (55) also arises in Sakharov's treatment of gravitation where it is a residual type of an energy [61, 2] . To proceed if we use the expression for the elementary particle mass M seen above in terms of the Planck mass in (55), we can easily deduce
where now N ∼ 10 80 , the number of particles in the universe. Equation (56) has been known for a long time as an empirical accident, without any fundamental explanation. Here we have deduced it on the basis of the Planck oscillator model. Equation (56) too brings out the relation between gravitation and the background Zero Point Field or Quantum vacuum or dark energy. It shows that the gravitational energy has the same origin as the electromagnetic energy but is in a sense a smeared out effect over the N particles of the universe. In the context of the above considerations that (56) is deduced and not empirical as in the past, we can now claim that (56) gives the desired unified description of electromagnetism and gravitation.
Finally the following may be pointed out: The work stemming from the cosmology briefly referred to above, leads to a universal acceleration, which is of the order of the pioneer anomaly, as has been pointed out by the author. Indeed such a universal acceleration is now being factored in as a reality [62] .
